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A B S T R A C T

Purpose
Based on the pivotal role of Ras-Raf-MAP-ERK signaling and vascular endothelial growth factor
(VEGF) in papillary thyroid cancer (PTC), we conducted a phase II clinical trial of sorafenib targeting
RAF and VEGF receptor kinases in PTC.

Patients and Methods
The primary end point was the objective response rate. Secondary end points included response
correlation with serum thyroglobulin (Tg); functional imaging; tumor genotype; and signaling
inhibition in tumor biopsies. Using a Simon minimax two-stage design, 16 or 25 chemotherapy-
naïve metastatic PTC patients were to be enrolled in arm A (accessible tumor for biopsy). Arm B
patients had other subtypes of thyroid carcinoma or prior chemotherapy, and did not require tumor
biopsies. Patients received 400 mg orally twice per day of sorafenib. Response was assessed
every 2 months using RECIST (Response Evaluation Criteria in Solid Tumors).

Results
Of 41 PTC patients, six patients had a partial response (PR; 15%; 95% CI, 6 to 29) and 23 patients
(56%; 95% CI, 40 to 72) had stable disease longer than 6 months. Median duration of PR was 7.5
months (range, 6 to 14). Median progression-free survival was 15 months (95% CI, 10 to 27.5). In
14 (78%) of 18 Tg-assessable PTC patients, Tg declined more than 25%. Common grade 3
adverse events included hand-foot skin reaction, musculoskeletal pain, and fatigue. BRAF
mutation was detected in 17 (77%) of 22 PTCs analyzed. Four of 10 paired tumor biopsies from
PTC patients showed a reduction in levels of vascular endothelial growth factor receptor
phosphorylation, ERK phosphorylation, and in VEGF expression during sorafenib therapy. No PRs
were noted among non-PTC patients.

Conclusion
Sorafenib is reasonably well-tolerated therapy with clinical and biologic antitumor activity in
metastatic PTC.

J Clin Oncol 27:1675-1684. © 2009 by American Society of Clinical Oncology

INTRODUCTION

The Ras-Raf-MEK-MAP-ERK kinase signaling path-
way is pivotal in the development of both papillary
thyroid cancer (PTC) and follicular thyroid can-
cer (FTC). In PTC, activating mutations in the
gene encoding the serine/threonine kinase BRAF,
and genetic rearrangements involving the RET
tyrosine kinase (RET/PTC oncogenes) that result
in constitutive activation of this cascade, account
for the majority of tumors in most populations.1-6

Similarly, constitutively activating mutations of
RAS oncogenes occur in approximately 30% of
FTCs,7 suggesting that this pathway plays a role
in the pathogenesis and/or progression of most
differentiated thyroid cancers (DTC). Recent
data has also suggested that mutations in BRAF

are associated with a more aggressive phenotype.8

Inhibition of tyrosine kinase–activated pathways
using compounds that block receptor kinase ac-
tivity directly or that inhibit the activity of
downstream signaling kinases, such as MEK
and PI3 kinase, induces thyroid cancer cell death
in vitro and in vivo.9-12 In addition to the well-
characterized roles of RAF and RET signaling in
thyroid cancer, overexpression of vascular endo-
thelial growth factor (VEGF) and platelet derived
growth factor (PDGF) receptor is well-described
in thyroid cancer, and disruption of VEGF signal-
ing using biochemical and molecular strategies
inhibits growth of thyroid cancer cells in vitro and
in vivo.13-16

While initially considered a selective RAF ki-
nase inhibitor, sorafenib is a multikinase inhibitor
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that targets several receptor tyrosine kinases at submicromolar con-
centrations; these include human VEGF receptors (VEGF-R) 1 to 3,
PDGF receptor, and RET.17,18 We therefore performed a phase II
study evaluating the activity of sorafenib in patients with metastatic
PTC and included tumor tissue and imaging correlative studies.

PATIENTS AND METHODS

Patients

This study was approved by the institutional review board at Ohio State
University. Patients were enrolled into either arm A or B (Fig 1). Patients were
required to be � 18 years of age with adequate performance status and
measurable disease. Chemotherapy or radiation therapy was not allowed
within 4 weeks before entry. Iodine-131 (131I) therapy was not allowed within
24 weeks before entry (4 weeks if negative post-treatment scan). Leuko-
cytes � 3,000/�L, absolute neutrophil count � 1,500/�L, platelets � 100,000/
�L, serum bilirubin, AST/ALT, and creatinine � 1.5� upper limit of normal
were required.

Sorafenib Therapy

Sorafenib (BAY 43-9006, Bayer HealthCare Pharmaceuticals, Pitts-
burgh, PA; NSC 724772, Onyx Pharmaceuticals, Emeryville, CA) was admin-
istered at 400 mg orally twice a day (with or without food). Blood pressure was
monitored at least weekly until stable or at least the first 4 weeks. Patients were
observed every 4 weeks for 1 year and every 12 weeks thereafter if stable. In the
event of grade � 3 or recurrent grade � 2 drug-related nonhematologic
toxicity or grade � 2 hand-foot skin reaction (HFSR), therapy was held until
the toxicity had resolved to�grade 1. Dose reduction to 600 mg/d or 400 mg/d
was allowed and subsequent dose re-escalation up to 800 mg/d was allowed.
Sorafenib was continued until one of the following: progressive disease (PD),
patient off of sorafenib for any reason for longer than 21 consecutive days,
intercurrent illness that prevented further therapy, unacceptable adverse
events (AEs), or patient withdrawal.

Objective Response and AEs

In the absence of validated response assessment criteria specific for
antiangiogenic therapies and based on the PR observed in patients with
PTC when treated with sorafenib in a phase I trial, we used RECIST (Response
Evaluation Criteria in Solid Tumors) to assess the objective response.19 Com-
puted tomography (CT) or magnetic resonance imaging (MRI) scans were
performed within 4 weeks pretreatment, every 8 weeks for the first year, and
every 12 weeks thereafter. Duration of response is defined as the time period
between the start of sorafenib therapy until the development of PD. The
revised National Cancer Institute Common Toxicity Criteria for Adverse
Events (CTCAE) version 3.0 were utilized for AE reporting (http://ctep
.cancer.gov/reporting/ctc.html).

Correlative Studies

Tumor markers. Serum thyroglobulin (Tg) was measured at the same
time patients underwent imaging studies for response assessment using same
assay for all specimens until February 2006. Anti-Tg antibodies and thyro-
tropin concentrations were also measured simultaneously to identify potential
assay interference and assess the degree of thyroid-stimulating hormone
(TSH) suppression, respectively.

Genetic and Pharmacodynamic Studies

Paraffin-embedded tumor tissues from surgeries for primary tumor
or metastasis were collected. Tumor tissue was examined for common
mutations in thyroid cancer including BRAF, H1-, and N2-RAS as well as
RET/PTC 1 or 3 rearrangements (Appendix, online only). Patients in arm
A underwent fine needle aspiration (FNA) within 4 weeks before starting
sorafenib, and at 8 weeks on therapy. Most FNAs were of metastatic neck
lymph nodes sampled with ultrasound guidance using 21-gauge needles
(Appendix). To determine in vivo signaling inhibition in treated patients,
immunohistochemistry (IHC) was performed on FNA cell block samples
collected before and on therapy to assess levels of ERK-, AKT-, and
VEGFR-phosphorylation and VEGF expression (Appendix for IHC
method). Results were scored by two investigators independently on a 0 to
3 scale with 0 for no immunoactivity, 1 for faint staining or staining in
fewer than 50% of cells regardless of intensity, 2 for moderate staining in

Measurable metastatic thyroid carcinoma

Sorafenib administered orally at 400 mg twice daily on a continuous basis

Tumor response assessment per RECIST criteria at 8-week intervals

Correlative studies
• Assess serum tumor marker (thyroglubulin) at pretherapy, every 8 weeks, and after therapy.
• Assess for presence of BRAF mutations and RET/PTC 1/3 rearrangements in PTCs and N-, and H-RAS
          mutations in non-PTCs and BRAF mutation-negative PTCs in formulin-fixed, paraffin-embedded
          tumor specimen obtained any time before study.
• Assess ERK, AKT, and VEGF-R phosphorylation, as well as VEGF expression in tumor biopsies obtained
          pretherapy and at 8 weeks on therapy by immunochemistry (Arm A pts only).
• Assess tumor perfusion changes by dynamic contrast enhanced MRI at pretherapy and every 8 weeks 
          (Arm A pts only)

Arm A: Main statistical arm
(N = 16 in first stage, proceed to enroll 

9 additional pts if >1 of first 16 pts 
reveal partial or complete response)

Papillary thyroid carcinoma (PTC)
plus

Chemotherapy naive
plus

Availability of archival tissue block

Arm B: Exploratory arm
(No preset sample size; close accrual Arm B
as soon as Arm A has been fully accrued).

Follicular, hurthle cell, anaplastic,
or mixed thyroid carcinoma

or
PTC with 1-3 chemotherapy regimens in the past

or
PTC with no availability of tumor tissue block

Fig 1. Study design. pts, patients;
VEGF-R, vascular endothelial growth fac-
tor receptor; MRI, magnetic resonance
imaging; RECIST, Response Evaluation
Criteria in Solid Tumors.
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more than 50% of cells, and 3 for intense staining in more than 50% of
cells. A signaling response was graded based on the change in staining score
between the two samples on individual patients.

Functional Imaging

To study effects on tumor perfusion, dynamic contrast-enhanced (DCE)
MRI scans were obtained within 4 weeks before and every 8 weeks on therapy
and were evaluated by quantitative pharmacokinetic parameters.20 Fluorode-

oxyglucose positron emission tomography (PET) scans were obtained at the
similar time points when possible.

Statistics

The primary end point of this study was to assess the objective response
rate of sorafenib in chemotherapy-naïve patients with metastatic PTC enrolled
in arm A. The number of patients to be enrolled in arm B was not specified, as
this arm was to explore activity of sorafenib in patients with diverse histologic

Table 1. Patient Demographics and Clinical Characteristics

Characteristic

Arm B

Arm A: PTC PTC Non-PTC

No. % No. % No. %

Total no. of patients 19 100 22 100 15 100
Median age, years 67 56 61

Range 33-90 27-76 44-86
Sex

Male 11 58 10 45 10 67
Female 8 42 12 55 5 33

Race
White 16 84 20 90 11 73
Hispanic, African American, or Asian 3 16 2 10 4 27

Pathologic type of thyroid carcinoma
Classic PTC 15 79 15 68 — —
Follicular variant of PTC 2 10 3 14 — —
Tall cell variant of PTC 1 5 3 14 — —
Poorly differentiated PTC 1 5 1 4 — —
Follicular — — — — 2 13
Hürthle cell — — — — 9 60
Anaplastic — — — — 4 27

Site of metastasis
Lymph node 19 100 19 86 15 100
Lung 18 95 22 100 14 93
Bone 2 10 3 14 7 46
Liver, kidney, or adrenal 4 20 2 9 2 13

Prior therapy
I131 19 100 22 100 11 73
External beam radiation 7 37 8 36 11 73
Cytotoxic chemotherapy 0 0 8 36 3 20
Celecoxib or thalidomide 5 26 8 36 3 20
Other 0 0 3 14 2 13

Study entry Tg
Interpretable Tg 11 59 11 50 10 67
Presence of Tg antibodies 5 26 6 27 0
Undetectable Tg 0 2 9 5 33
Low Tg � 15 ng/mL 1 5 3 14 0
Unsuppressed TSH 2 10 0 0

Disease status at study entry
Symptomatic progression in preceding 6 months 1 5 4 18 0
RECIST progression in preceding 12 months 7 37 11 50 10 67
Stable disease 8 42 6 27 5 33
Unknown 3 16 1 5 0

Tumor genotype
No. of positive BRAF mutation/No. tested 10/12 7/10 0/6

Median sum of target measurable lesions at baseline, cm 6 13 12
Average 9 13 13
Range 3-29 3-32 3-29

Median serum Tg at baseline, ng/mL 159 113 1,074
Average 714 19,340 9,121
Range 28-6,162 18-188,000 34-49,000

Abbreviations: PTC, papillary thyroid cancer; I131, iodine-131; Tg, serum thyroglobulin; TSH, thyroid-stimulating hormone; RECIST, Response Evaluation Criteria in
Solid Tumors.
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types of thyroid cancers. Accrual to arm B was designed to stop as soon as arm
A was fully accrued. We chose a minimax two-stage Simon design that resulted
in a trial with decision to continue after 16 response-assessable patients were
accrued on arm A.21 Sorafenib would be ineffective or uninteresting if the true
response (PR � complete response [CR]) probability was lower than 10% and
the regimen would be worthy of further study if the true response probability
were � 30%. If two or more patients responded in the first 16, an additional
nine patients would be treated for a total of 25. If five or more patients
responded of the 25, it would warrant further study.

RESULTS

Patients

Between October 2004 and August 2005, a total of 58 patients
were accrued. Two patients never started therapy and are not included
in the data analysis (Table 1). Data are reported through June 2007
except for Tg studies, which are included through February 2006 as a
result of a change in the assay methodology after that date. A majority
of patients on the study had PTC (73%), and 80% of the PTC patients
were cytotoxic chemotherapy naïve. All patients had experienced 131I
therapy failure or were not candidates to receive 131I as assessed by
treating endocrinologist. All patients who had baseline PET scans (19
patients on arm A; 11 DTC patients on arm B, one patient with
anaplastic thyroid cancer) had positive scans.

Treatment Administered

The details of duration, dose, and tolerance of therapy are out-
lined in Table 2. Fifty-four patients went off study for PD (n � 35),
AEs (n�14), or other reasons (n�5). A total of 32 patients were alive,
whereas 24 patients died. A majority of patients (20 of 24) died from
PD (PTC, n � 13; Hürthle cell carcinoma [HTC], n � 4); anaplastic
thyroid cancer, n � 3). Additional reasons that contributed to death in
PTC patients were acute myeloid leukemia (n � 1), Aspergillus pneu-

monia (n � 1), hip fracture due to accident (n � 1), and sudden
death (n � 1).

Objective Response

Objective response, Kaplan-Meier Analysis of progression-free
survival (PFS), and overall survival data are described in Table 3 and
Figures 2A to 2C. Although PRs in three patients in the first stage of
patients in arm A had been noted, nine additional patients to arm A
were not enrolled onto the second stage of trial as there were already 14
chemotherapy-naïve PTC patients on arm B. Response data in PTC
patients are analyzed in two groups: chemotherapy-naïve PTC pa-
tients on arm A and B; PTC patients with prior chemotherapy on arm
B. Of note, among four response-assessable patients with follicular
variant of PTC, two patients had PRs of 23 and 26 months duration,
and two patients had SD of 10 or 21 months duration. In general,
patients with SD (� 6 months duration) also had improvement in
nontarget lesions, serum Tg, and disease-related symptoms if present
at study entry. In several cases, CT scans of patients with SD also
revealed development of a hypoattenuated area in the index lesions
suggesting necrosis that might be associated with a response to sor-
afenib (Appendix Fig A1, online only).

Tumor Marker Response

Serum Tg response in DTC patients is outlined in Table 4 and
individual responses over time are shown in PTC patients in Appendix
Figures A2A to 2B (online only). Tg responders are classified as � 25%
reduction in serum Tg compared to baseline Tg when noted on two
consecutive tests obtained 8 weeks apart. Although dramatic sustained
decreases in serum Tg levels were observed in some patients with PRs
and SDs, neither baseline Tg nor Tg response consistently correlated
with degree or duration of objective response.

Table 2. Treatment Administered

Parameter Arm A: PTC

Arm B

PTC HTC/FTC ATC

No. of patients 19 22 11 4
Median duration of therapy, months 14 10 8 2

Range 0.25-32 0.25-33 0.25-26 0.5-10
Duration of therapy in all patients, months 262 296 124 16
Therapy, mg/d dose/months

800 84 186 60 16
600 90 70 56 0
400 88 40 8 0

No. of patients with dose reduction 11 10 8 0
Median time to dose reduction, months 1.5 4.5 1.7 NA

Range 1-12 0.5-26 0.5-9.5 NA
Reasons for dose reduction

Hand-foot skin reaction 6 6 2 0
Diarrhea and weight loss 2 3 1 0
Hypertension 2 0 1 0
Fatigue 1 0 0 0
Arthralgia 0 1 1 0
Musculoskeletal chest pain 0 0 2 0
Mouth pain 0 0 1 0

Abbreviations: PTC, papillary thyroid cancer; HTC, Hürthle cell carcinoma; FTC, follicular thyroid cancer; ATC, anaplastic thyroid cancer; NA, not available.
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AEs

Sorafenib was generally well tolerated. However, a dose reduc-
tion was necessary to improve tolerance in 52% of patients. Grade 1 to
3 AEs are described in Tables 5 and 6. The most common (� 5%
frequency) grade 3 AEs included hand or foot pain (12%), arthralgia
(11%), fatigue (16%), HFSR (7%; Appendix Fig A3, online only),
musculoskeletal chest pain (7%), and asymptomatic hyponatremia
(5%). Grade 4 AEs were rare and included pericardial effusion (2%)
and reversible neutropenia (4%). The grade 5 event of sudden death
(n � 1) was unlikely attributed to sorafenib in a 68 year-old man with
follicular variant of PTC who had metastasis to the lungs and paratra-
cheal lymph nodes who died at 21 months on the study. The patient
achieved PR on the study and had required dose reduction to 400 mg
per day of sorafenib because of grade 3 HFSR. The patient who devel-
oped acute myeloid leukemia had received 523 mCi 131I and radia-
tion to his neck mass. Aspergillus pneumonia occurred in a patient
who had received multiple chemotherapies and was on 30 mg of
oral prednisone daily for 3 years.

Tumor Genotype

Overall, 17 of 22 PTC patients with DNA of sufficient quality for
analysis had activating mutations in exon 15 of BRAF (Table 1).

Fourteen (64%) of 22 had a V600E mutation while three (14%) had a
K601E mutation.22 Eight of nine PTC patients with interpretable
results from more than one histological sample had concordant BRAF
mutation status. In one case, a V600E mutation was detected in one of
two tissue samples. None of the six examined non-PTC tissues had a
BRAF mutation. RET/PTC 1 and 3 rearrangements were not identi-
fied in the 20 PTC cases from which adequate RNA could be
isolated. Activating N2-RAS and H1-RAS mutations were not iden-
tified in the samples from six patients with non-PTC histologies or in
BRAF mutation–negative PTCs (n�4). Because of the high frequency
of BRAF mutations in the study population, statistical comparison of
results on the basis of BRAF mutation status was not possible.

Pharmacodynamic Studies

To determine if sorafenib inhibited signaling in tumor tissues,
FNA samples obtained before and 8 weeks after initiation of therapy
on arm A patients were analyzed for levels of immunoactive pVEGFR;
VEGF expression, and ERK phosphorylation (pERK) and AKT phos-
phorylation (pAKT) by IHC. Paired samples from 10 of these patients
were able to be analyzed. Based on the grade of signaling response, four
of 10 had a major reduction in levels of immunoactive pVEGFR,
pERK, and VEGF (reduction of � 2 scoring levels) with therapy while

Table 3. Tumor Response According to RECIST

Parameter

PTC Arm A and
Chemotherapy-
Naïve PTC Arm

B Patients

Arm B

PTC (patients
with prior

chemotherapy) HTC or FTC ATC

No. % No. % No. % No. %

Total patients 33 8 11 4
Assessable patients 28 85 8 100 10 91 4
Best response by RECIST

Complete response 0 0 0 0
PR� 5 15 1 13 0 0
SD 19 57 6 75 9 82 1 25
Progressive disease 4 12 1 12 1 9 3 75
Durable SD, � 6 months 19 57 4 50 6 54 1 25

Objective response, % 15 13 — — — —
95% CI 5 to 32 0.3 to 53

Median time to PR, months 12 20 — — — —
Range 2 to 12

Median duration of PR† 9 6 — — — —
Range 6 to 14

PFS
Kaplan-Meier estimate of median PFS,

months
16 10 4.5

95% CI 8 to 27.5 4 to 28 2 to 16
Kaplan-Meier estimate of 1-year PFS rate, % 59 47 30

95% CI 40 to 78 10 to 83 5 to 55
OS

Median Kaplan-Meier median estimate,
months

23 37.5 24. 2

95% CI 18 to 34 4 to 42.5 11 to 37.5
Kaplan-Meier 1-year estimate, % 87 63 64

95% CI 75 to 99 29 to 96 38 to 90

Abbreviations: RECIST, Response Evaluation Criteria in Solid Tumors; PTC, papillary thyroid cancer; HTC, Hürthle cell carcinoma; FTC, follicular thyroid cancer; ATC,
anaplastic thyroid cancer; PR, partial response; SD, stable disease; PFS, progression-free survival; SD, stable disease.

�Partial response was confirmed at 2 months in four patients and at 3 months in two patients.
†One patient has partial response of at least 14 months duration as evaluated at the last response assessment and is still on therapy; 14 months duration of PR

has been taken as duration of response in this case.
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pAKT immunoactivity was reduced in two of these four cases. In all
patients in which high (grade 2 or 3) pVEGFR and pERK levels were
detected basally, inhibition was noted on therapy. pAKT was variably
detected and inhibited. Several cases with a BRAF mutation did not
demonstrate basal pERK or pVEGFR immunoactivity, thereby dem-
onstrating heterogeneity in the degree of pathway activation even in
tumors with BRAF-activating mutations (Appendix Fig A4, online
only). Inhibition of VEGFR would be predicted to increase VEGF
expression. However, sorafenib also inhibits targets that have been
shown to upregulate VEGF expression in cell systems, which may in
part account for the reduced immunoactive VEGF on therapy.23,24

Tumor Perfusion Response

In 10 of 14 assessable PTC patients, the 8- or 16-week on therapy
DCE-MRI scans revealed a median decrease of 46% (range, 27% to
92%) in exchange rate (Kep[min�1]; Kep, exchange rate constant) in
the index lesions compared to baseline while no change was noted in
Kep in the remaining four patients. Of note, no objective response
occurred in any of the four patients who did not reveal change in Kep.
Furthermore, a median decrease of 34% (range, 9% to 67%) in am-
plitude (Amp [arbitrary units]) was noted among 13 assessable PTC
patients while one patient had a 16% increase in Amp. Median dura-
tion of the decrease in Kep was 4 months (range, 2 to 8). Neither
baseline Kep values nor decrease in Kep was correlated with objective
tumor response. Among eight patients who had assessable results for
paired biopsies and serial DCE-MRIs, there was no correlation be-
tween pVEGFR levels or signaling response of pVEGFR and pharma-
cokinetic parameters of DCE-MRIs. Of note, index lesions for biopsies
and DCE-MRIs were not the same in a majority of patients.

PET Imaging Response

In 14 patients with PTC in arm A with assessable PET scans, the
median number of time points for PET imaging obtained per patient
was 3 (range, 2 to 5) and the median number of index lesions per
patient at baseline was 8 (range, 1 to 20). No clear correlation was
noted between PET response (% changes in standardized uptake value
maximum [SUVmax] and metabolic volume compared with pre-
therapy) and objective tumor response. No consistent pattern of
changes in SUVmax and metabolic volume existed among several in-
dex lesions in a given patient.

DISCUSSION

The RAS-RAF signaling pathway, VEGF-R, and PDGF-R play a criti-
cal role in the pathogenesis of advanced-stage PTC. To our knowledge,
this is one of the first phase II clinical trials conducted using an oral
small molecule multikinase inhibitor in patients with iodine-
refractory metastatic PTC. In our trial, we decided a priori that sor-
afenib was worthy of further study if the true response probability or
target response rate was 30% or higher. Our results did not meet this
level of response with only five (15%) of 33 patients demonstrating
PR. However, this finding may underestimate sorafenib’s antitumor
activity. Clinical benefit is noted based on PRs and SD � 6 months in
23 of PTC patients (56%), and is inferred from the decreases in serum
Tg levels. The lack of correlation between the serum Tg response and
the objective response is possibly due to small sample size as well as the
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Fig 2. (A) Maximum percentage of tumor reduction for target lesions for by
Response Evaluation Criteria in Solid Tumors in all papillary thyroid cancer (PTC)
patients who had stable disease (SD) or partial response (PR). With intent to treat
analysis, six PRs (15%), 25 SDs (61%), and five PDs (12%) were noted in total of
41 patients with PTCs (33 chemotherapy naïve, eight with prior chemotherapy).
Each bar represents an individual patient. Chemotherapy naïve (blue) or prior
chemotherapy (gold) status is noted by different color of the bar. (B) Kaplan-Meier
analysis of progression-free survival (PFS) among all PTC patients (n � 41) who
received at least one dose of sorafenib. For PTC chemotherapy-naïve patients
(n � 33), median PFS is 16 months with 95% CI of 8 to 27.5. For PTC patients
with prior chemotherapy (n � 8), median PFS is 10 months with 95% CI of 4 to
28. Using log-rank test to compare the curves for PFS, no statistically significant
difference (P � .8627) was found in PFS between PTC groups. (C) Kaplan-
Meier analysis of overall survival (OS). OS among all PTC patients (n � 41)
who received at least one dose of sorafenib. For PTC chemotherapy-naïve
patients (n � 33), median OS is 23 months with 95% CI of 18 to 34). For PTC
patients with prior chemotherapy, median OS is 37.5 months with 95% CI of 4
to 42.5. Using log-rank test to compare the curves for OS, no statistically
significant difference (P � .4787) was found in OS between PTC groups.
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definition of objective response based on anatomic imaging. Limita-
tions of RECIST are well recognized for assessing response to novel
antiangiogenic and kinase inhibitors.25-27

The dose and schedule of sorafenib used in our study is gen-
erally well tolerated, although dose reductions were necessary in
52% of patients, suggesting variability of pharmacokinetics or
pharmacogenomics among our patients. The higher frequency of
dose reductions in our study might be a result of relatively lower
acceptability of chronic toxicities by thyroid cancer patients as well
as a result of specific criteria required for dose reduction in our
study. Of note, tumor response was generally maintained despite

dose reductions. Highly important is the early recognition of po-
tentially serious toxicities, such as ruptured bowel, tumor bleeding,
keratoacanthoma, or uncontrolled hypertension. Toxicities ob-
served in our study are similar to other phase II monotherapy
studies of sorafenib.27-29 However, an increased thyroid hormone
requirement was not observed in our study.28 Keratoacanthoma
possibly related to sorafenib is uncommon and the mechanism
remains unclear.30 In general, grade 1 and 2 AEs are considered
acceptable AEs in the cancer community and dose reductions are not
typically considered until grade 3 or 4 AEs. However, CTCAE criteria
may not be applicable to oral targeted therapies using continuous

Table 4. Tg Best Response

Parameter

PTC Arm A and
Chemotherapy Naïve

PTC Arm B

Arm B

PTC Patients With Prior
Chemotherapy HTC or FTC Patients

No. % No. % No. %

Interpretable Tg at baseline 19 4 10
Not assessable 5� 26 0 0
Assessable for Tg response 14 74 4 100 10 100

Tg responders 12 64 2 50 4 40
� 75% decrease 3 16 1 25 0
� 50-74% decrease 6 32 1 25 1 10
� 25-50% decrease 3 16 0 0 3 30

Tg nonresponders 2 10 2 50 6 60
� 0-25% decrease 1 5 1 25 2 20
� 0% increase 1 5 1 25 4 40

Abbreviations: Tg, serum thyroglobulin; PTC, papillary thyroid cancer; HTC, Hürthle cell carcinoma; FTC, follicular thyroid cancer.
NOTE. Best response was observed either at 2 or 4 months on therapy.
�One of these five patients had serial Tg uninterpretable due to nonsuppressed thyroid-stimulating hormone during follow-up, while four patients were off study

prior to 8 weeks.

Table 5. Clinical AEs (possible, probable, or definite attribution to the drug)

AEs

Grade 1 and 2 AEs Grade 3 AEs

Arm A Arm B Arm A Arm B

No. % No. % No. % No. %

No. of patients 19 37 19 37
Constitutional

Fatigue 14 74 23 62 2 11 7 19
Weight loss 11 58 32 89 1 5 2 5
Anorexia 11 53 21 57 — — — —
Taste changes 4 21 8 22 — — — —

GI
Ileus — — — — — — 1 3
Colon perforation — — — — 1 5 — —
Diarrhea 15 79 25 68 1 5 1 3
Stomatitis 2 11 6 17 1 5 — —
Pain tongue or tooth 2 11 5 14 1 5 — —
Pain abdomen or rectal 17 89 18 49 1 5 2 6
Nausea 10 53 21 58 — — — —
Vomiting 7 37 3 8 — — — —
Heartburn 7 37 15 42 — — — —
Flatulence 15 79 24 65 — — — —
Dry mouth 1 5 2 6 — — — —

(continued on following page)
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dosing such as sorafenib, as patients may not tolerate chronic grade 2
AEs and therefore modification of CTCAE may be necessary.31

The results of studies performed on serial tumor biopsies are
consistent with the inhibitory action of sorafenib on RAS-RAF kinase

signaling. Furthermore, decreases in pVEGFR levels in tumor biopsies
and Kep on DCE-MRIs in response to sorafenib verifies its potential as
an antiangiogenic therapy. The lack of correlation between imaging
and tumor tissue may represent heterogeneity of tumor signaling, the

Table 5. Clinical AEs (possible, probable, or definite attribution to the drug) (continued)

AEs

Grade 1 and 2 AEs Grade 3 AEs

Arm A Arm B Arm A Arm B

No. % No. % No. % No. %

Musculoskeletal
Proximal myopathy 1 5 — —
Hand-foot skin reaction 11 58 20 56 2 11 2 5
Back pain — — 4 11 1 5 1 3
Chest pain 1 5 3 8 — — 4 11
Scalp pain 5 26 8 22 — — 1 3
Pain (general) 2 11 5 14 1 5 1 3
Hand or foot pain 14 74 12 33 1 5 6 16
Arthralgia 13 68 21 58 1 5 5 14
Myalgia 2 11 4 11 — — — —
Muscle cramps 10 53 10 28 — — — —

Dermatologic
Skin rash 14 74 28 76 1 5 1 3
Flushing 6 32 12 32 — — — —
Brown skin spots 3 16 6 16 — — — —
Dry skin 16 84 31 84 — — — —
Pruritis 15 79 28 75 — — — —
Nail changes 13 68 20 54 — — — —
Skin sores 4 21 2 5 — — — —
Alopecia 15 79 29 78 — — — —

Vascular
Hypertension 8 42 14 38 1 5 1 3
Hemoptysis 1 5 1 3 0 2 6
Epistaxis 1 5 1 3 — — — —
Retinal hem/vein occlusion 1 5 1 3 — — — —
Gum bleeding 0 1 3 — — — —
Tumor bleeding 0 1 3 — — — —
Wound healing (slow) 0 1 3 — — — —

Cardiac
Left ventricular dysfunction — — — — 0 1 3
Atrial fib or SVT 0 2 6 0 1 3
Sinus bradycardia 0 1 3 — — — —
Palpitation 1 5 2 6 — — — —

Neurological
Syncope — — — — 0 1 3
Anxiety 0 1 3 — — — —
Dizziness 2 11 5 14 — — — —
Headache 3 16 6 17 — — — —
Neuropathy (sensory) 4 21 8 22 — — — —

Respiratory
Cough 0 1 3 — — — —
Dyspnea 3 16 5 14 — — — —
Hoarseness 2 11 2 6 — — — —

Endocrine changes
Irregular menses 0 2 6 — — — —

Infection
Infection 0 2 6 — — 1 3
Abscess 2 11 0 — — — —
Osteomyelitis-actinomycosis — — — — 0 1 3

Other tumors
Acute myeloid leukemia — — — — 1 5 0
Keratocanthoma — — — — 0 2 5

NOTE. Worst grade experienced by patient on study is counted in the above table. Please see text for grade 4-5 AEs.
Abbreviations: AE, adverse event; SVT, supraventricular tachycardia.

Kloos et al

1682 © 2009 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



heterogeneity of tumor response in metastases at different locations in
a given patient, or the multiple targets of this drug. Because of the small
number of BRAF mutation–negative PTC patients, this study does not
clarify if a BRAF mutation predicts response to sorafenib. However,
the spectrum of responses from PR to PD in BRAF mutation–positive
patients, and the correlative FNA results in which the basal degree of
pathway activation varied, suggest that there may be additional factors
besides BRAF that determine the response to sorafenib.

Another phase II study of sorafenib using similar dose/sched-
ule in 30 patients with advanced thyroid cancer reported higher PR
(23%) and median progression-free survival (21 months) com-
pared with our study.28 Such discrepancy may be due to differences
in patient characteristics (tumor burden, BRAF mutation status),
dose intensity, and/or frequency of response evaluations. Several
kinase inhibitors such as axitinib and motesanib that have activity
against the VEGF-Rs and PDGF-Rs in common also have signifi-
cant antitumor activity.32,33 Indeed, the new class of oral kinase
inhibitors targeting the VEGF-R pathway may offer an improved
option of therapy over traditional strategies for patients with pro-
gressive radioiodine-refractory PTC.

In summary, sorafenib is generally well tolerated and displays
clinical activity against metastatic PTC, but close monitoring and
aggressive toxicity management are essential. To optimize the efficacy
of sorafenib, future studies will need to focus on the mechanisms of
efficacy and resistance, and the testing of combination therapies in
patients based on preclinical data.
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Table 6. Laboratory AEs (possible, probable, or definite attribution to the drug)

AEs

Grade 1 and 2 AEs Grade 3 AEs

Arm A (n � 19) Arm B (n � 37) Arm A (n � 19) Arm B (n � 37)

No. % No. % No. % No. %

Hematologic
Neutropenia 2 11 2 5 — — — —
Anemia 7 37 14 39 — — — —
Lymphopenia 1 5 4 11 — — — —
Thrombocytopenia 1 5 1 3 — — — —
Leucopenia 7 37 13 35 1 5 1 3

Liver enzyme elevation
Alkaline phosphatase 3 16 4 11 — — — —
ALT 8 42 14 39 — — — —
AST 9 47 17 46 — — — —
Bilirubin 1 5 2 6 — — — —
LDH 8 42 17 47 — — — —

Serum chemistry
Hypocalcemia 8 42 22 59 0 2 5
Hyponatremia 11 58 22 59 3 16 0
Hypokalemia 3 16 3 8 — — — —
Low albumin 0 2 6 — — — —
Elevated creatinine 1 5 2 6 — — — —
Hyperglycemia 1 5 3 8 — — — —

Abbreviations: AE, adverse event; LDH, lactate dehydrogenase.
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